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[it** i ] #55^RK«fcoTi*i«^»asns; 



±E*£» l*J K X^ X'7 £ ?g£ $ X 5 Xv?!4f8 

±E»2»i*ifc:±E#-#> • ^-y • 7 

^JUTT*. • Xy • 7 

[It** 2] ±IHK»«»tt. #*t4»HT"S0. 
±EK»fJ«&*8:tt, ±gana«rt(c*«r»T±8E#Sitt 

**i trEK©*-* > • :hy • 77-f A*<D±jj&3ge. 
[If** 3 ] ±EX7XTf6±#ati. 

i. 

±EJ6 l Rtf^2 <z>#«ffMK:lB l ©l^^ft^ c 

• TV • 7 7-fA'OMgI. 

[If**4] ±IBJ(! 1 «*«»#»tt. ±E*1<0* 
*0»«SflE*KpI«1?**tt!8K«j«sn/S:. it** 
3tEto*-#> • Xy • 7 r-f /to*j«S«. 

[If** 5] ±E» 1 J!fX«»^att. ±!EI1^ 

*3tcE*£<7j>;*J-*> • Xy • 7 7-fAC4)J81. 
[If**6] ±!27"7XY%4fglt ««NHft$4> 

±E3S«F#Stt. ±E«l»tKiafttt^Fl6|f=lRl^oTK 
tt£±E;*J-*> • ±y • 7 7^A'O^MiS:5g 

M#Ei£E«©A-Ji*> -±y • 77^/^4*8 

So 

[If** 7] ±E3£fif^Stt. ±Ett*^6±E*J* 
KflWtenfc. »*a6CE«fl)*-#> • 7-7 - 77 

[if** 8 ] ±E<ft»*» 5 ±E**t««©±E«®au 
xvo*s^a©i o%rii2 o oxic-f-n^ntts-r 



*p?a. eRw-fc. ke*©#-#> • xy • 

7 7-fAOMgI. 

[If** 1 0 ] ±E«»«»t»f t©W 
K* 2 2 *#«|&^ft, *Rttft. 

»*Bli:E«(Dj!)-*> • Xy • 7 7"fA©£fiES 



11] ±EJB2*7J0«&^»tt. ±EJB2© 
51 OfcE*©*— #> • ^-y • 77-fA'OMgg. 

[it** i 2 ] ±EJna«rtc«»s»«r««^» 
^a. &isttfc. it**i »ce*©*-#> • xy • 

77-fA'OMgi, 

[M** 1 3 ] ±£«##£^Rtt. ±xsMftomm 
Stt*K?I*T*-5tt!BK«lS3nfc. Iff**l 2KE 
*©#-#> • Xy • 7 7l'Affl4Mi. 

[If** 14] ±IB*^l:H-t>^IOi2(iD 

^x^tt^-r^>^2^xtt^^a« ^^tt7i> it**i 

20 (CE®C07J-#> • ^-y • 7 7'fA'04^gi. 

[If** 1 5 ] ±ESS 2 TJXi^fgiJ, ±EJB 2 © 
#*©#M&*£ffiiUc^XT#*tt!BK:«j*aftfc. If 
**1 4»:E*©*-#> • 7-7 • 7 7<A©4^8 

cif**i6] Bf3e©*ffl«n*3*#a-r*»aas 

±E*ffl«rtO»f3ttt«K:*-#> • 7-y • 7 7-fA0 
±E*£»rtfcX5Xv£»£$-it*X5X-756£iflg 

30 t, 

±E*ffi«rtfc±E;&-#> • X/ • 7 7^A'©gfft 

tjwrr*. • xy • 7t< a*©^tjS. 

[If** 1 7 ] lEB»«Htt. fMSMSfcJtT* D . 
±ES»«»iSeK*5^T, ^*&±E*2«l*lK:K!tt6 
nT^*««p*a»:±E#*14««*PI&UT«»S-& 
3«fti&g<!:, ±E«J#*&K«HrSnTH*±EJMI 

14^ik *aoj»*at ct d bt#*s Mian 
i. **ff-r*. if**i 6.\zmm<Di3-#> • xy • 

40 7 7-fA*OMM. 

[It** l 8 ] ±EX5Xv5!±iiS{c:43t,iT, 

±EH2S»rtca8ttsnjR* ; F*»ta-r*?s i <onm 

*t[p]-r-5«§KcKttbnT^^>^2(7)msi. ©Paic:. 
^lwiiTj^fft^-r^citrio, mi©«ii^?)^ttj 

mmt, 

*i#*fl«&iss£. *HEff-r«. it** i6 ICE*© 

so • xy • 7ri'A'<z>±fiflc7Ji£. 
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moon 1 9 j ±ibjb i o>njwmm&f&mmzmt 

m$tmi 8 ke*©a— • tv • 7 7-i A* 
©^/fcoffi. 

cm*«2 o ] ±e» i (Diixcom^m^mmmiz^. 

1*. 

Wc£&t3±E#-#> • -jrj • 7 7^A©4«#i 

6»cre*t©a-#> • i-/ ■ y7-f^<D±m^m. 
ftmmu, &WL\7tc, imm 1 6 tcEtt©*-* > • -x- 

/ • 77-f A*©£fi£7ji£. 

fitJfcSl 6 frE«©7J-tf > • tV • 7 7-f A*<7)£>&77 

a**. W**2 3c:e«©7j-#> • tV • 77-f A' 

©£/&7j£o 
• 7 7-f /X<Z)±j&3ft£. 

*. B*a2 5fclE*©;&-#> • TV • 7 7^A*ffl4 
fi£7j?£. 

2 #x§«&ji8. *R»tfc, «r*«i 

[»*S2 8] ±ESS 2 ©#*©#*&« «:«l$ttK:SE 

fts-e*. w*B2 7tcE«©*-#> • T-y • 7 7-r 

[0 0 0 1 ] 

(s i> ^tfyxm<Dmm<DgiffiizMMMmyi<Dfi-x 

> • T-y • 7 7-f /t*5fe«TSfej«««R^/«*ffi»C 
HI. ^I:7"7XVCVD (Chemical Vapor Depositio 

[0 0 0 2] 

[ffi*©ftfK] ±E*-#> • 7-y • 7 7-fAU 

««#«CttJS«^SM (FED -.electrical Field Emi 
ssion Display) ©*T\ttffl«»tt£ LTWSESnT 



(3) 

dCDjSKHLTtt. iI?£©CRT (Cathode Ray Tube) 
S»©*7pgS£:B&H8&T&5. fzfzL. CRTiOD^ 

io [0003] ±E©cfc s fciiitt©*^ ttmass^sr* 

£©«T\tttiJS£L,T. ±E7J-^> • ±y • 7 7-TA' 

[0 0 0 4] £©#-*> • 7-y • 77-f /1£±j&?--5 
gtilt. «>LtfjRCVDtt*fiJffl-r4fe©** 

20 MJJ7st^U>£$:mn£L. Z\ft.\zmx.*)V*&5- 
x.Tik¥Eifc1ii±ZZL£\Z£K), ±E*-#>-T-y- 
7 7 -f A 5: £fifc-r -5 © T?£ 3 . 
[0 0 0 5] 

©ia«a«*&7oo DC] c$t±#l. -oiai±#i; 
<ko, tj-#> • tv • 7 7-fAfflM^*ta5SS 

mz, ±e«**ttia!«s%s«ffl©* ; F*ufii*Mf^-r 

30 SSibt. #57.«{ClTO (Indium T 

in Oxide) SlSBSLfefeWSffll^ut^ibSAt. Z\<D 
ITOI4. »l:a<, «^tf*fl)I«A«fi4 5 0 DC] 

3.©«t'5^:wi^tt©{a^s«{w*-3i>> • r-y • 7 

T-f/X*±rifi-*»tt. ±EfE*fiHBT?«««>THJjlT 
So/to 

[0 0 0 6] tZ.T\ 3MS9IW:. ^cfcOfefSST*- 

• T-y • 7 7-i'/ , cs4j*-c€?*s«&^ffisif#t 

T-SCi:, £BW£:T-5. • T-y • 77 

[0 0 0 7 ] 

**WC»4. 7 P 7XvCVDffi^fiJfflT^). EP 
ft. *^a^©±fi£S««. *»^RKJ:t>TI*i*«*»* 

50 ■ x-y • 77-f A©4iS#*fcfc*»R»©*#JM&* 



t 
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• ±y • y7-irf<DWi&£.&%>mn<fow.&%#<D 

[0 0 0 8] *»WfcJ:fttf. JKSWrtKfJW&Snsa, 

[0009] ±fcmw»mt. #mm3-«rt?*o 

7^D->7"^> (Fe-Phthalocyanine : C32Hi6N8Fe) 3? 
Sffl^5Ci))«T't5. Sfc. Snf&#a£LTte. 

[0 0 10] *56M»3*stta±BS^7Xv5B*^g!tt. 
<t. ±IE*SWrtK:*lr»T±IEJBlO««tnnBlftHlT 

T»fiira««KR»t6nfcjiS2fl!)«it. ±ejbir 

Um 2 o&ttSmicJB 1 <7)«7j^#t^^ z\t.\Z£. D± 

■RiRs-e-sjei ±«e*£«rt. *#n± 

ens i Rtfie 2 ©&«*w©ffiiwrt»c. x^xv^/s 
<Dmi<Dj}x&m&T%miX7,mm^&£. wot 

[ooii] ^»PfiE(c=fcn«. as i at^JB 2 
w©^wrt^Mii©77x*«*&LfcttSi-e. ^n?.&m 

aj««)«*sr«i&-rntf, -hKX^xvjWBtg-r*. h 

VfCfcOflWET?*. £2 

\%T)lzI> (Ar) If^f ^5It«5TtS. 

[0012] ±iam a ±ie?si* 

3K»i<D*a<ottiitee*t;:njg-c* 

IE x ^ xv 0%±vim&mw-r z> z.t &-c * , t> »* 

7J-#> • Xy • 7r<A©JfcftiflfiSIHWT#4. ft 



[0 0 1 3] -t-LT. ±E*l^fX««*at>*fc. ± 
iSLUo 1® nj*<h-r<5 

[0 0 14] ife. sfcSMHKfcHTH:. iEX^XVfg 

3t»*att. ±C*M»4:*ltAa:*lft»cifl*o'CSK* 

tt-57j-#> • xy • 7 7'fno54«»»ija:6«ia 

rftftftt±3 0fto>1BnftK:ft*J:3fi:. »£L<tt. 
[0 0 15] fcfc. ±IE£«?¥Rtt. -tBIMIJ0»S*» 

pTjfpHc&tt&X^XvftcD 1 0 [%] M2 0 0 

[%] fr-tn-enffla-r*8B»a>«HrtT?. ffstKKjfe 
• 7"y • 77-f /'{©jsKfiiassfflwc*. cHi-rasR 

30 [0 0 16] JSK, *5fiWC4i«riTf4. ±K**f*4&£ 

[0017] fit, *jb«th ±mwctt%.®£m%. 
<Dmmm&£<Dffliz. mm/^T7,tLx<nm2<Dm 

73. *«^T3MI2«7jft^a. *«W-T"bJ:t». 3 
CT'S^H2CD*73<i:bT«. 0<JA«ii:oS*77^32?jftm 

7j (Rjfiifg^&m^^iSira&mTa^^^ty) . *v»tt/i 
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±^&<Dmf&&mt LT±mm 1 <onmtm 2 <dmm£ 

$5±ioo [%] rolEHrtcDfflfc/.ts.tofc, ±tem2 

©*7j£i8jrr*. a*, 2 ©«a 

[0 0 18] ±E»2©«*©eiE«W-C**«2«*« 

%mm2<Dmti<nmm, M*.tf**s-*«* 

ensures. m»T»ia»77'fnc»tt^ss. 

[0 0 19] *»W»C*StiTtt. ±IE*ffiWrttC 

[0 0 2 0] &*5. T'^XT^fW, Jiteooj; 3 td 

tt. mt&.®V>7 7"f A*^fi£^®#ifitri5ViT, 10 
[G] 75M3 0 0 [G] ©«HC9T?. ^RffiB?F-?g!ft£ i 

[0021] 3S»c, *^B^(cfet,ix«. ±te*^tii*itc 

37J-#> • -TJ • 77-1" ASr±)«-C#*ii, 

->7>. 7;U=f>R^»*«©^/X. 



(5) 

[0 0 2 2] ±m^2fJxm^^t, W,2<Di1 

X <D ff* (C HIS T' # & =fc 5 fltfiK T 3 © &m * L 

^©=totcfn«. • xy • 7r-f a*cdi± 

[0 0 2 3] ±f27J-#> • ±y • 77-fA' 

x~yx-?%±mm£. ±.mfk&mn\zt)-x> ■ -tj • 

[0 0 2 4] z.(D±f&J;mz &Z>t>—fcy • -f j 
20 • xr-i rt<n±f$.'MWz£>^T, ±mm 1 RZtWZ 2 CD& 

[0 0 2 5] 

ffiwom&omwi] *5£w<D~nme>&m\z-z>^T. 

Hl*>6H17S#Il/TRWtS. BIB, #HZfSCD 
W&\Z%%>U—&> • XV • 7 7^fAO±ffi81fl)«W 

^T->UZ«©&JRB©t>©-C, ««WK»«*fi: (G 
ND) iZ&mZtlT^Zo fit. CCOK^tf 1 CDfi'lH 

X.Zt\ t -\Z>>fmJ3xm®#-h4£\,*o 3O0#-h 

[0 0 2 6] ±8ES#-h2 7I»S4<0 3'6. h 

40 x-?mxxmi&tf-h3te. n&mifinz'&m-r%y'y 

X^5&m±2&Zrc&<DrtX$:mi&TZ>fcSb<D>b(n> 
(Ar) #7A«ffl^e.n5. ^ffl7"7Xvi4ffl©7Jl- 

lyfixtt. <&ftm>£<D%&wizmm.(Dm 1 w^fxtc^js 
v»*a««. ^wif^^iBHtcie^^ i iixm&^WL\z 



t#gf} 2002-69756 (P2002-69756A) 



9 

©tfXKttJftU ;:©?g2©;y7.£H£«i rt(r#t^-r 

£>©#-N2 7!>M4te. 1 ©ffiUfcGS^lT. H*. 

C 0 0 2 7 ] ±IS*^« 1 l*l©^#tf 0 

*«. »ttSftT^*. il©l^t§6tt. *?S«1CD^^(C 
fcHT, 7 7 1 KftffcSn 

T*>0. £©^J£^7<2-#;fiJ#8g7 2tt. £KI&li6 
Sr]DD^-r-57iJ6CD7^ b Jjnj&fflftMSg 8 ©tijft 

JfrffcSHKStrCH*. IC, '^IEg§7C0zi^{g«]#^7 

fflX»S«^2:^ffi8l7W-^:ffl#^7 2£flS«fJ«&LT 

[0 0 2 8] — 2r, X£« 1 |*i©IgffiSFO 
Ktt. ±ffift«6£|H]H5£l!lTT. ^©-hE£SiSill« 

SMBl l^KttStiTisD, cmtcJcoT^KHgU 1 

> • •?-/ • 7j"f AOJR»fctt*#<Ht1Ml l 3 
**, JR£3n*. ci^Tti, ^©#^tttlK13tb 
T. W*.tft*7*o->7:^>SfliH*. Sifc. MS 10 



(6) 

/<? 

#aW»#©iei!KK*0>J6 1 i*«fgi:»J5t5. 
[0 0 2 9 ] Jgfd, «£«1 rt©{IlgifiGI©gB?rT*&o 

T. ±GRM 6 £»« l 0 £<DlWfcffl:«-r*aMHctt. 
io fLT, d©»£3£jtgBl 5©I*J{II® (H£#l© 

l ©rtfflKiautfctttB-e. 0*L&nj9r£©@?£# 

^jss©->-^-y^ 1 7#igtfe>nT^3c cos^y* 
nit m^L^^Biift^ptc^o. ±ieasi6©« 

tgasss i 4©ffi7jOTm^^tc^stiT^-5. s 

Ac, d©*«3E«f«l 5tt. IU^fr-^^1 atit 
S^«l©ff^W (HrffWttli, I*« 6 1 

K^'frttl a*>e>»«l 6©SM*T©SEf&§Lo£, ffi 

BBl *#f«f*©®ffl(Cia«ro^#gC*fJSL/ 

/H7^fflllgli4^ t ^ffit^rofgffltism©^ 

so [0 0 3 0] B£f£*£ft:(r>ftt. ±IBS1£3£?#9$ 

15©f*)HEfCtt. #^ffl^-:/#Rtt6nTi5 9. d 
©^ffl^oL-^l*3&«ajA«^^^©^jS!K*^ 
ffl-r-S^ttCctO, SBESSSKfBSI 5Sr^bTS«l 
6*3ftlWWtC?&«l-C**«t5«ll«$n-C^*. d©«fiic 

^. ^^©sgHtcKtsw^fM^a^snM^-r-s. 

[0 0 3 1 ]3E(C. K?Sltl©^g|5T$.-3T. *5i*Jt£ 

40 «iro±*flio»»<tT*ffli©iB»i:Kt4. ^n-ena 

518. 1 9tfm-t<Z>tlT^2>. cn^©1518. 1 

9«. mMzm^Lts.^mm&w\z&K)ftW)-?z>m&E 

ftirt(cffis©a^^^^5-a-s. c:n6©6S5i8. 

[0 0 3 2 ] ±ffiO«t'5tC*riESn&±J«««HJ;0. 

so [0033] m^. *-r. mitc^-r=toir. mio 
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J£7j£#J;U;£4 x 1 0-4 [Pa] x 1 0-4 [P 

a] tSTWEtS. yf^Hli, hi; 

[0 0 3 4] ±EHStt»**a-3£«fW. ^JAtfiC^ 

as. ««t*. ^n«. ©aureus. £tt 
-a, ft*. mm6zimmLxm&mift<DU 

±#(CcfcO^>'^D->7'r:> 1 3 3 ft C£ 
©fcHJ:3, JiGMi 6 CWW*t*« 7-f 5^ > h 

[0 0 3 5] ±K»jK#X©ttttlfP*£iK*.fc«. X5 

*X*ft»T5. fit. B^LA:t>Mit(23>^^ 
>7.#^W)£^ISS««tC s fcD < IS£«1F*1©J£7}£. 
10-2 [p a ] 71510 [Pa] ©ttfflrtKHSE-r-S. 
[0 0 3 6] ±127^ hJD^ffl«i!lSg8 

•to. »«6t5«idj»lt. *a«irtoflSi}«±#r 
-a. {■i/T. z.<Dm&±.¥t j $>7'< 7*>hT«m±-rzm 

^»©«S*fc:«t0, ft7^Dy7->13^#ft§. 
ft*. ^©#i!(C=fc9. K2S« 1 «OJ3E*««*T±#r 

[0 0 3 7] *amrt©«Mtt«»6Lfc5. x 

&7^Dy7r>13ffl#S^7l:J:0. £nSB«6 
(hill 0 ii<J>mz . 7"7XY5^4t§. i07"7 
XV 5 tt. 1^*16 £E§ffi 1 0 <t©«-«t«'Cf*e-»±Elll» 
1 aWtLT§iiil aroftHHSS^f*. *L 

sa&tttt^jwasan, #ntt«Misn*. ft*. ± 
Wfc:ia«EWfc«)ii»T**i;$-&**73'x?*n««t<, 

[0 0 3 8] f LT. ±IE7 r 7X-7 5A«»±U'r^4« 
«T. &1SE18. 19^ibT. «A«±ffi*» 
1 atc»5*lfilt«l?- (&«) ZMtiLTZo £ftfc:«fc 
0. ■77X^5<»®&&&&\zMWrz. 

[0 0 3 9] «^T. 1 7 £Hfl< £ (Efl*S1£ 

1 6©^®^M«ctt<i<h-rS<h) . S«16©«BKC. 

±t e®fi $ n s £ t $ nfc #7 s (iS7 it® 
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S»I^W«ttT*t. S1£l6©gffiK. 77-#>-X 

y • 7 7-f A'TWSfiTSo - ty - 77-f 

/t*«fi)Eft-r* c itt, »a-rs*«K «fc ofltK-e^fc. 
[0040] ±ia*-^> • xy • 7 7</w«4§a 

£j*fe*£K7-r*. ft*. £©fe***7«, K£*l 

io rt^sssi 6&isoa-riB. *a-s©»ai»iiai*ii 

[0 0 4 1] *£«0>«MKK:£fttf. 7"7X7CVDffi 
(Ccfc0^-#> • -TJ • 7 7-fA€M-e#4©T\ it 

Si7 7^A'M5HStfS. fto 
T. I«16 0» J f>«^l8<Sn^K $7£, a 
«1 6*«. «*tf±aLfc I TO*OilMtOfiV>t> 

• Xy - 7r-fA*4)«t4Ctj)«T?*5. «oT, ± 
[0 0 4 2] St;. ±IB7T-1'A*C0^Biciig(C*3^T. 

WAtf±AEUfc?fisij | &ai^etc: «t oi« 1 6 z&MWiz 

IfcmLtzK), /WXXffltMiiSlll 4fc«fcO*«l 6<fc 
mm I 0iffiS3t:W77lTJ^mLt»), ^^tt± 

>")■/' 7 7 -f 7t0XM*£Mff (XftS-fr-SZl&tf) 
t^S^ifc, *^t=fcOffillST#fc. 1*16 
®±K*fc»l aj&*e>©E«LoK:J:oTt>, 
ao >-t7 •7 7'fA'®WfMui:fc > §fet*KJ:?> 

- h 4 1 l*Jl:SJ5tt*X*Ml/fe±T. 7 

T-frt&tii&ftot. • xy • 77-f ncnmm 

<onmz-D^TW.wirz>. 

[0 0 4 3] 

[jisfiw [sbi©*»] mi^mmtLx. ±tB7jffi 

(cJ;07J-#> • ^-7 • 7 7-f A'tW&ST-S ^ i €:«Sig 

[0 0 4 4] ^lro^lC&ttS&^ftte. 
X'&Zo BP*. tSffil 0 &0|HCHgJB. ^Wl" 

ntf7*7X7 5©fi$ (7"7X7g) Lp^r. Lp=4 0 

[mm] \ZWtm?Z>. -5-LT. X^Xt 5 co^'L^Tfc 
^-SilStt^l a^&Sfil 6©7 7<AM»*iBS 
Tro^giLo^. ±f2X7XvftLp<D 1 0 0 
3^f£fc. EP*Lo=4 0 [mm] (ClS^fS. fLT. 
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(54) APPARATUS AND METHOD FOR FORMING CARBON NANOFIBER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To form a carbon nanofiber 
at a relatively low temperature. 
SOLUTION: Argon gas is fed, via a gas port 3 for 
plasma, into a vacuum tank 1 whose inside is evacuated. 
An alternating current is applied on a cathode 6 
constituted with filaments from a power sourcing 
apparatus 8 for heating filaments via a transformer to 
heat the cathode 6. When a direct current is supplied 
effectively between the cathode 6 and the anode 10 from 
a power source 9 for plasma electrical discharge in this 
state, plasma 5 is generated in the space between both 
the electrodes 6, 10. And, particles which has been 
sublimated from a sublimate substance 13 by the radiant 
heat of the cathode 6 float in the plasma 5, and the 
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carbon nanofiber grows on the surface of a substrate 16 by using the sublimate substance as 
the raw material. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the generation equipment and the generation method 
which generate a fibrous carbon nano fiber with this invention super-thin on the front face of substrates, 
such as silicon (Si) and glass, -- being related - especially - plasma CVD (Chemical Vapor Deposition: 
chemical vapor deposition) — it is related with the equipment and the method of generating the carbon 
nano fiber concerned by law. 
[0002] 

[Description of the Prior Art] Promising ** of the above-mentioned carbon nano fiber is carried out as a 
source material of electron emission of for example, a field emission mold display (FED: electrical Field 
Emission Display). By making it collide with the fluorescent substance to which the electron emitted 
from cathode was applied by the anode plate, this field emission mold display makes the fluorescent 
substance concerned emit light, displays an image, and is the same as that of the display of the usual 

CR T (Cathode R ay T ube) mold, and abbreviation about th is point. Ho wever, in the disp la y of a C RT 

moidVto using so-called punctiform source of electron emission called an electron gun, it is premised on 
using the so-called source of electron emission of the shape of a field of arranging many punctiform 
sources of electron emission two-dimensional, and it is this point and both differ greatly with a field 
emission mold display. 

[0003] In order to realize the source of electron emission of the shape of an above field, so to speak, a 
needlelike thing acute super-thin is needed as each source of punctiform electron emission which 
constitutes the source of electron emission of the shape of this field. Moreover, thing ** with the so- 
called good emission property that electronic bleedoff effectiveness is high is desired as much as 
possible. Then, promising ** of the above-mentioned carbon nano fiber is carried out as this source of 
electron emission. 

[0004] As equipment which generates this carbon nano fiber, there is a thing using the conventional, for 
example, heat, CVD method. This generates the above-mentioned carbon nano fiber by using the mixed 
dilution gas and ethylene of ammonia and helium as a raw material, and giving and carrying out the 
chemical reaction of the heat energy to this. 
[0005] 

[Problem(s) to be Solved by the Invention] However, according to the conventional technology of using 
the above-mentioned heat CVD method, the substrate from which the temperature in a vacuum tub 
(chamber) rises to about 700 [**], and is set as the generation object of a carbon nano fiber by this 
temperature rise deforms, or there is a problem that it may denaturalize. Although what formed ITO 
(Indium Tin Oxide) may be used for a glass plate as a substrate when manufacturing the source of 
electron emission for the above-mentioned field emission mold displays especially This ITO was weak 
with heat, for example, since a property may have deteriorated, as a result it may have exfoliated when 
that temperature exceeds about 450 [**], with the above-mentioned conventional technology, it was 
very difficult to generate a carbon nano fiber to such a heat-resistant low substrate. 
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[0006] Then, this invention aims at offering the equipment and the method of generating a carbon nano 
fiber at low temperature conventionally. Moreover, be just going to let it be the object of this invention 
to enable it the configuration of a carbon nano fiber, magnitude, distribution, and to control properties, 
such as specific resistance, etc. further. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned object, a plasma-CVD method 
is used in this invention. Namely, a vacuum tub by which, as for generation equipment of this invention, 
the interior is exhausted with an exhaust air means, A plasma generating means to generate plasma in 
the above-mentioned vacuum tub, and a predetermined location in the above-mentioned vacuum tub, 
For example, a support means which arranges objects-ed, such as a substrate set as the generation object 
of a carbon nano fiber, and supports this on the outskirts of plasma in an ambient atmosphere of plasma, 
A feeding means to supply a source material used as a raw material of a carbon nano fiber in the state of 
a gas in the above-mentioned vacuum tub is provided. 

[0008] According to this invention, a gas raw material (the so-called material gas) supplied in a vacuum 
tub is excited by high plasma of energy, or is dissociated. Thereby, a radical of an atom or a molecule is 
formed and carbon accumulates on a front face of an object-ed by the reaction between these active 
particles. And when this deposition continues, a carbon nano fiber grows. Thus, it has checked by 
experiment that a carbon nano fiber grew by plasma-CVD method. 

[0009] In addition, the above-mentioned source material may be sublimability matter. In this case, the 
above-mentioned feeding means can be constituted as resemble a maintenance means to hold 
sublimability matter for example, in a vacuum tub, and a heating means to which the sublimability 
matter concerned is made to heat and sublimate. As sublimability matter said here, an iron 
phthalocyanine (Fe-Phthalocyanine:C32H16N8Fe) etc. can be used, for example. Moreover, they are 
****** ^ suc fa as a m eans to irradiate a heater of a contact or a non-contact mold (infrared radiation type) 
using a filament,. a ceramic, etc. as a heating means, and the so-called heat energy of laser etc., for 
example. 

[0010] The 1st electrode which the above-mentioned plasma generating means in this invention is 
established in the above-mentioned vacuum tub, and emits a thermoelectron, The 2nd electrode prepared 
in the condition of separating the 1st electrode of the above, and a gap and countering in the above- 
mentioned vacuum tub, A 1st electric power supply means to make the 2nd electrode of the above 
absorb a thermoelectron emitted from the 1st electrode of the above by supplying the 1st power to each 
above 1st and 2nd inter-electrode one, It can constitute "Resemble a 1st gas supply means to supply the 
1st gas for plasma generating in the above 1st and each 2nd inter-electrode space especially, in the 
above-mentioned vacuum tub." 

[001 1] According to this configuration, where the 1st gas is supplied in each 1st and 2nd inter-electrode 
space, if the 1st power is supplied to each [ these ] inter-electrode one, induction of the plasma discharge 
will be carried out, namely, plasma will occur. In addition, use the 1 st electrode as cathode, for example, 
and let the 2nd electrode be an anode plate here. And if power of a direct current is effectually supplied 
to each [ these ] inter-electrode ones as the 1st power of the above, the above-mentioned plasma will 
carry out induction. Incidentally, filaments, such as a product made from a tungsten which heats by 
supply of alternating current power and emits a thermoelectron, etc. can constitute the 1st electrode, and 
it can constitute the 2nd electrode with an outline tabular metal. Moreover, as the 1st gas, an argon (Ar) 
etc. can be used, for example. 

[0012] As for the above-mentioned 1st electric power supply means which is the supply source of the 
1st power of the above, it is desirable to constitute so that it can carry out adjustable [ of the mode of the 
1st power concerned ] to arbitration. If it does in this way, a generating condition of the above- 
mentioned plasma can be controlled, as a result it can control like a growth fault of a carbon nano fiber. 
In addition, as for a mode of the 1st power of the above said here, forms, frequency, etc. of the power 
(wave) concerned, such as magnitude of the power including for example, a voltage value, a power 
value, etc. concerned, and the shape of a direct current, an alternating current, or a pulse, say ******, 
[0013] And it is desirable to also constitute the above-mentioned 1st gas supply means so that it can 
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carry out adjustable [ of the amount of supply of the 1st gas of the above ] to arbitration. Also by making 
adjustable the amount of supply of this 1st gas, a generating condition of plasma can be controlled and a 
pressure in a vacuum tub etc. can be controlled. 

[0014] Moreover, in this invention, the above-mentioned plasma generating means may be constituted 
so that the perimeter of the axis concerned may be made to generate plasma focusing on a certain axis, 
in this case, the above-mentioned support means the above-mentioned axis and abbreviation - a 
surface portion set as the generation object of a carbon nano fiber in the above-mentioned object-ed and 
the so-called field for fiber generation are located in a place which separated a predetermined gap from 
the axis concerned toward a right-angled direction. And preferably, a processed material is supported so 
that a field for fiber generation may accomplish abbreviation parallel to an axis, so that an angle to 
which a field for fiber generation specifically constitutes this field for fiber generation to an axis to the 
above-mentioned axis so that abbreviation opposite may be carried out may become within the limits 
which is **30 degrees. 

[0015] In addition, the above-mentioned support means may constitute distance from the above- 
mentioned axis to a field for fiber generation of an object-ed so that it can carry out adjustable to 
arbitration. In this case, it is desirable to enable setting out to arbitration within the limits of distance 
which carries out considerable [ of the distance from the above-mentioned axis to a field for fiber 
generation of an object-ed ] to 10 [%] of plasma length in a direction which meets the axis concerned 
thru/or 200 [%], respectively. If it does in this way, a growth process of a carbon nano fiber can be 
controlled, as a result a configuration of the fiber concerned, magnitude, distribution, etc. can be 
controlled. 

[0016] Furthermore, in this invention, a forced-cooling means to cool the above-mentioned object-ed 
compulsorily may be established. If it does in this way, a temperature rise of an object-ed in a fiber 
generate time can be controlled, as a result deformation, denaturation, etc. of the object-ed concerned 
can be prevented. Moreover, it has checked by experiment that a configuration of a carbon nano fiber, 
magnitude, generation distribution, etc. are also controllable by cooling an object-ed in this way. In 
addition, a forced-cooling means said here is realizable with a liquid cooling means which used coolant, 
such as liquid nitrogen, a gas cooling means using a gas refrigerant or a thermoelectric-cooling means 
using a Peltier device, etc. by cooling an object-ed indirectly through the direct or above-mentioned 
support means. 

[001 7] And in this invention, a 2nd electric power supply means to supply the 2nd power as the so- 
called bias between the above-mentioned object-ed and a predetermined reference potential may be 
established. As the 2nd power said here, direct current power, alternating current power (so-called low 
frequency power, high-frequency power, etc. are included) or pulse power (pulse shape contains both 
symmetry / unsymmetrical thing to 0V neutral potential in a positive negative direction), etc. can be 
used, for example. What is necessary is especially, just to supply the 2nd power concerned between this 
2nd electrode and the above-mentioned object-ed by making into a reference potential potential of the 
2nd electrode which functions as cathode, when equipment of this invention has the 1st electrode of the 
above, and the 2nd electrode as a component of the above-mentioned plasma generating means. In this 
case, the 2nd power of the above is set up so that the effectual potential difference between these 2nd 
electrodes and an object-ed may become the value of about 100 [ **] [%] within the limits of the iabove 
1st and the effective potential difference in each 2nd inter-electrode one. In addition, it replaces with 
supplying the 2nd power concerned, the 2nd electrode and object-ed are short-circuited electrically, or it 
is good also as an insulating condition (the so-called floating). 

[0018] When it is a mode of the 2nd power concerned, for example, magnitude and a wave-like form, 
and alternating current power, the 2nd electric power supply means which is the supply source of the 
2nd power of the above may constitute the frequency etc. so that it can carry out adjustable to 
arbitration. Thus, by making adjustable bias which carries out a seal of approval to an object-ed, a 
growth process of a carbon nano fiber to the object-ed concerned can be controlled, as a result a 
configuration of the fiber concerned, magnitude, distribution, etc. can be controlled. 
[0019] Moreover, in this invention, magnetic field means forming which forms a magnetic field in the 
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above-mentioned vacuum tub may be established. That is, since plasma is influenced by magnetic field, 
by imposing the magnetic field concerned, a generating condition of the plasma concerned, such as 
plasma density, can be changed, as a result an operation of plasma energy over an object-ed can be 
changed. 

[0020] In addition, when a plasma generating means is constituted so that the perimeter of the axis 
concerned may be made to generate plasma focusing on a certain axis as mentioned above, it is desirable 
to form the above-mentioned magnetic field in the direction which meets the axis concerned. Moreover, 
as for the above-mentioned magnetic field means forming which forms this magnetic field, it is desirable 
to constitute a mode, for example, a configuration, a direction or reinforcement of the magnetic field 
concerned, etc. so that it can carry out adjustable to arbitration. Especially about magnetic field strength, 
it can be made to carry out within the limits of 10 [G] thru/or 300 [G] adjustable [ of the magnetic field 
strength concerned ] freely in near the field for fiber generation of an object-ed. If it does in this way, an 
operation of plasma energy over an object-ed can be controlled, as a result a configuration of a carbon 
nano fiber, magnitude, distribution, etc. can be controlled more in details. 

[0021] Furthermore, in this invention, a 2nd gas supply means to supply the 2nd gas for doping 
(addition) in the above-mentioned vacuum tub may be established. Thus, by doping the 2nd gas, 
generable [ a carbon nano fiber with which properties else /, such as a configuration, / such as specific 
resistance, differ ]-as compared with case where the doping concerned is not performed ** has checked 
by experiment. As the 2nd gas said here, there is compound gas, such as a hydrogen sulfide which 
contains gas, such as nitrogen, hydrogen, cyanogen, an argon, and oxygen, or these gas, for example, 
etc. Moreover, compound gas which uses gas of halogen systems, such as a fluorine, a bromine, and 
chlorine, the shape of a straight chain, annular hydrocarbon gas, or these gas as a component can also be 
used. What is necessary is just to choose suitably about using any of these as the 2nd gas according to a 
use, the object, etc. of a carbon nano fiber which it is going to generate. 

[0022] In addition, as for the above-mentioned 2nd gas supply means, it is desirable to constitute so that 
it can carry out adjustable [ of the amount of supply of the 2nd gas ] to arbitration. If it does in this way, 
a property of a carbon nano fiber is more controllable in details. 

[0023] A generation method of the above-mentioned carbon nano fiber is also presented with this 
invention. Namely, an exhaust air process which exhausts the inside of a predetermined vacuum tub and 
an arrangement process which arranges objects-ed, such as a substrate set as the generation object of a 
carbon nano fiber, in a predetermined location in the above-mentioned vacuum tub, By performing a 
plasma generating process in which plasma is generated in the above-mentioned vacuum tub, and a 
feeding process which supplies a source material used as a raw material of a carbon nano fiber in the 
state of a gas in the above-mentioned vacuum tub The same thing as a carbon nano fiber which 
generates with the generation equipment of this invention and is obtained is generable. 
[0024] In addition, in a generation process of a carbon nano fiber by this generation method, a 
configuration of the carbon nano fiber concerned, magnitude, distribution, or a property is controllable 
to arbitration by changing the amount of supply of each above 1st and mode [ of each 2nd power ], 1st, 
and 2nd gas, and a mode of a magnetic field with time. 
[0025] 

[Embodiment of the Invention] The gestalt of 1 operation of this invention is explained with reference to 
drawing 17 from drawing 1 . Drawing 1 is the outline block diagram of the generation equipment of the 
carbon nano fiber concerning the gestalt of this operation. This equipment is equipped with the vacuum 
tub (chamber) 1 as shown in this drawing. This vacuum tub 1 is metal things, such as stainless steel, and 
is electrically connected to touch-down potential (GND). And three ports called an exhaust port 2, the 
gas supply port 3 for plasma, and the gas supply port 4 for doping are established in the side- attachment- 
wall portion of this vacuum tub 1. 

[0026] Each above-mentioned port 2 thru/or among 4, an exhaust port 2 is for exhausting the air in the 
vacuum tub 1 outside, and the vacuum pump which is not illustrated as an exhaust air means to perform 
exhaust air concerned is combined with this exhaust port 2. On the other hand, the gas supply port 3 for 
plasma is for supplying the gas for generating the plasma 5 later mentioned in the vacuum tub 1, and 
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argon (Ar) gas is used as this gas for plasma generating here. The argon gas for this plasma generating is 
equivalent to the 1st gas given in a claim, and a means which is not illustrated to supply this argon gas in 
the vacuum tub 1 is equivalent to the 1st gas supply means given in a claim. And the gas supply port 4 
for doping is for supplying the reactant gas for doping later mentioned in the vacuum tub 1 . As this 
reactant gas, there is compound gas, such as a hydrogen sulfide which contains gas, such as nitrogen, 
hydrogen, cyanogen, an argon, and oxygen, or these gas, for example, etc. Moreover, ****** 5 such as 
compound gas which uses the gas of halogen systems, such as a fluorine, a bromine, and chlorine, the 
shape of a straight chain, annular hydrocarbon gas, or these gas as a component. The reactant gas for this 
doping is equivalent to the 2nd gas given in a claim, and a means which is not illustrated to supply this 
2nd gas in the vacuum tub 1 is equivalent to the 2nd gas supply means given in a claim. In addition, 
although not shown in drawing, the various piping devices demanded by the usual vacuum pipe lines, 
such as a vacuum valve and a flowmeter, respectively are prepared in each port 2 thru/or 4, and 
adjustment of each flow rate etc. is enabled at arbitration. These port 2 thru/or 4 can also be prepared in 
for example, not only the side attachment wall of the vacuum tub 1 but a ceiling portion, or a base 
portion. 

[0027] The cathode 6 which consists of the filament made from a tungsten is established in a part for the 
abbreviation center section of the ceiling approach in the above-mentioned vacuum tub 1 . This cathode 6 
is connected to the secondary coil 71 of the input insulating transformer 7 in the exterior of the vacuum 
tub 1, and the upstream coil 72 of this transformer 7 is connected to the output terminal of the power 
unit 8 for filament heating for heating the cathode 6 concerned. Furthermore, the abbreviation middle 
point of the secondary coil 71 of a transformer 7 is connected to touch-down potential and one side of 
the output terminal of the power unit 9 for plasma discharge mentioned later. In addition, it may replace 
with the above-mentioned power unit 8 for filament heating, for example, commercial alternating 
current power may be directly supplied to the upstream coil 72 of a transformer 7. Moreover, alternating 
current power may not be supplied to cathode 6, but direct current power may be supplied. DC-power- 
supply equipment with the high withstand voltage engine performance may be adopted as a power unit 8 
for filament heating, and, specifically, the output may be directly supplied to cathode 6. In this case, 
what is necessary is just to let the end of the filament which constitutes the cathode 6 concerned, or its 
pars intermedia be touch-down potential. Moreover, it is [ decline / in the rate of a ripple of the current 
which inserts a rectification smoothing circuit between the secondary coil 71 of an insulating 
transformer 7, and cathode 6, and is supplied to the cathode 6 concerned ] good in drawing. The cathode 
6 said here corresponds to the 1 st electrode given in a claim. Moreover, this cathode 6 functions on a 
claim also as a heating means of a publication. 

[0028] on the other hand, a gap is separated from the above-mentioned cathode 6 to a part for the 
abbreviation center section of the base approach in the vacuum tub 1 , and the upper surface is made it to 
counter the cathode 6 concerned — as — for example, an outline — the anode plate 10 of the flat shape of 
discoid or a rectangular parallelepiped is formed. The wall 1 1 which projects toward the upper part 
along that periphery is formed in the upper surface of this anode plate 10, and the raw material hold 
section 12 is formed inside the wall 1 1 concerned of this. And the sublimability matter 13 used as the 
raw material of the carbon nano fiber which is the generation specified substance by this generation 
equipment is held in this hold section 12. Here, for example, an iron phthalocyanine is used as this 
sublimability matter 13. Moreover, it is metal things, such as stainless steel, and the anode plate 10 is 
connected to one side of the output terminal of another side of the above-mentioned power unit 9 for 
plasma discharge, and the output terminal of the power unit 14 for bias mentioned later. In addition, this 
anode plate 1 0 corresponds to the 2nd electrode given in a claim, and corresponds to the maintenance 
means given [ the above-mentioned raw material hold section 12 formed in the upper surface of this 
anode plate 10 ] in a claim. And the power unit 9 for plasma discharge corresponds to the 1st electric 
power supply means given in a claim. 

[0029] furthermore — the portion which is a portion near [ in the vacuum tub 1 ] the side attachment 
wall, and is located between the above-mentioned cathode 6 and an anode plate 10 — the side attachment 
wall of the vacuum tub 1 concerned — meeting — for example, an outline — the flat substrate supporter 
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15 of the shape of discoid or a rectangular parallelepiped is formed. And the substrate 16 which is the 
generation object of a carbon nano fiber is fixed to the medial surface (field turned to inside the vacuum 
tub 1) of this substrate supporter 15 by the predetermined fixed means which is not illustrated, where 
that field for fiber generation is turned inside the vacuum tub 1. Furthermore, the front face (field for 
fiber generation) of this substrate 16 is established in the metal shutters 17, such as stainless steel, by the 
wrap condition. According to the movable device which is not illustrated, this shutter 17 moves along 
the front face of the above-mentioned substrate 16, and covers or opens the front face of the substrate 16 
concerned if needed. In addition, the substrate supporters 15 are metal things, such as stainless steel, and 
are connected to the output terminal of another side of the above-mentioned power unit 14 for bias. 
Moreover, this substrate supporter 1 5 is constituted also so that it can carry out adjustable [ of the 
distance Lo from concerned medial-axis la in a right-angled direction to the front face of a substrate 16 ] 
to arbitration to the medial axis (axis which specifically connects the center of cathode 6, and the center 
of an anode plate 10) of the vacuum tub 1 shown in this drawing by alternate long and short dash line 
This substrate supporter 15 corresponds to a support means given in a claim, and the power unit 14 for 
bias corresponds to the 2nd electric power supply means of a publication at a claim. 
[0030] Moreover, although not shown in drawing, the tube for cooling is prepared in the interior of the 
above-mentioned substrate supporter 15, and when cooling solvents, such as liquid nitrogen, circulate 
the inside of this tube for cooling, it is constituted so that a substrate 16 can be compulsorily cooled 
through the substrate supporter 1 5 concerned. This configuration corresponds to a forced-cooling means 
given in a claim. In addition, this forced-cooling means is realizable also by using, other means, for 
example, gas refrigerant, or using thermoelectric-cooling equipment. 

[0031] Furthermore, it is the exterior of the vacuum tub 1 and magnets 18 and 19 are formed in the 
portion by the side of the upper part of the vacuum tub 1 concerned, and the portion by the side of a 
lower part, respectively. These magnets 18 and 19 are electromagnets which operate with the power unit 
which is not illustrated, for example, and generate the magnetic field of arbitration in the vacuum tub 1 
by supply of the power from the power unit concerned. These magnets 18 and 19 correspond to a 
magnetic field generating means given in a claim. 

[0032] With the generation equipment constituted as mentioned above, in order to generate a carbon 
nano fiber on a substrate 16, it is based on the following procedure. 

[0033] That is, first, as shown in drawing 1 , the iron phthalocyanine 13 as a raw material is supplied to 
the raw material hold section 12 formed in the upper surface of an anode plate 10. And the inside of the 
vacuum tub 1 is exhausted with the vacuum pump mentioned above, and the pressure in the vacuum tub 
1 concerned is decompressed to 4x10-4 [Pa] thru/or 3x10-4 [Pa]. At this time, a shutter 17 is in the 
condition (namely, condition which covered the front face of a substrate 16) of having closed. 
[0034] The above-mentioned vacua is maintained about several minutes during a certain 1 scheduled 
time, for example. This is for making the impure gas by which occlusion is carried out to the wall 
surface concerned etc. emit from the wall surface of the vacuum tub 1 etc. In addition, bleedoff of the 
occluded gas concerned may be promoted by heating cathode 6 and raising the temperature in the 
vacuum tub 1 at this time. However, the power unit 8 for filament heating needs to adjust the power 
supplied to the above-mentioned cathode 6 as [ so that the iron phthalocyanine 13 may not sublimate by 
the temperature rise in the vacuum tub 1 concerned in this case ]. 

[0035] After finishing bleedoff of the above-mentioned occluded gas, argon gas is supplied in the 
vacuum tub 1 from the gas supply port 3 for plasma generating. And pressure-regulator styles, such as 
for example, a conductance valve which is not illustrated, adjust the pressure in the vacuum tub 1 within 
the limits of 10-2 [Pa] thru/or 10 [Pa]. 

[0036] Next, as opposed to cathode 6, alternating current power is supplied from the above-mentioned 
power unit 8 for filament heating. Thereby, cathode 6 heats and the temperature in the vacuum tub 1 
rises. And the iron phthalocyanine 13 sublimates by radiation of the infrared radiation generated with 
this temperature rise and filament. In addition, although the pressure in the vacuum tub 1 rises a little by 
this sublimation, the pressure in the vacuum tub 1 concerned is adjusted to the pressure of the above- 
mentioned regularity by the above-mentioned pressure-regulator style after a while. And this condition 
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is maintained about several minutes during a certain 1 scheduled time, for example, and the condition in 
the vacuum tub 1 (ambient atmosphere) is stabilized. 

[0037] If the condition in the vacuum tub 1 is stabilized next, direct current power will be supplied 
between cathode 6 and an anode plate 10 from the power unit 9 for plasma discharge. Then, the plasma 
5 occurs between these cathode 6 and an anode plate 10 by argon gas and the sublimation gas of the iron 
phthalocyanine 13. This plasma 5 is generated around the axis la concerned focusing on the above- 
mentioned axis la which connects each center of cathode 6 and an anode plate 10. And the gas particle 
of the iron phthalocyanine 13 is excited by generating of this plasma 5, or it dissociates. In addition, the 
power supplied to the above-mentioned cathode 6 and an anode plate 10 may supply the power of other 
forms, such as unsymmetrical pulse power, that what is necessary is just the power which produces a 
voltage drop in direct current among two poles effectually. 

[0038] And a magnetic field (magnetic field) is formed in the direction which operates each 
electromagnets 18 and 19, for example, meets the above-mentioned axis la in the condition that the 
above-mentioned plasma 5 has occurred. This controls the density of the plasma 5 to arbitration. 
[0039] then, if a shutter 17 is opened, and the front face of a substrate 16 is made into an open condition 
namely,, the molecule or atom which excitation was carried out or was dissociated [ above-mentioned ] 
by the front face of a substrate 16 will accumulate, and this condition — between fixed time amount, for 
example, dozens of minutes, — or continuation for several hours grows up a carbon nano fiber into the 
front face of a substrate 16. It has checked that this carbon nano fiber grew by the experiment mentioned 
later. 

[0040] After [ a certain ] carrying out degree (on level of hope) growth, the above-mentioned carbon 
nano fiber closes a shutter 17, and terminates the growth concerned. And with the above, operation of 
this generation equipment is suspended with the procedure of reverse, and a series of fiber generation 
activities are ended. In addition, in case a substrate 16 is taken out after this activity termination and 
from the inside of the vacuum tub 1, a certain fixed cooling-off period may be kept. 
[0041] According to the gestalt of this operation, since a carbon nano fiber is generable by the plasma- 
CVD method, the fiber generation concerned is realizable at low temperature in comparison. Therefore, 
there is also no possibility of causing deformation and deterioration of a substrate 16. moreover, the 
substrate 16 - for example, heat-resistant low things, such as ITO mentioned above, or the thing which 
used this — it comes out, and even if it is, a carbon nano fiber is generable. Therefore, with the 
conventional technology of using the heat CVD method mentioned above, the equipment of the gestalt 
of this operation is applicable also to the material (field) for which fiber generation was impossible. 
[0042] furthermore , in the generation process of the above-mentioned fiber , it have check by 
experiment that the configuration of a carbon nano fiber be also controllable ( make it change ) by cool a 
substrate 1 6 compulsorily with the forced cooling means mentioned above , impress bias power between 
a substrate 16 and an anode plate 10 with the power unit 14 for bias , or change a direction , magnitude , 
etc. of the abovermentioned magnetic field . Moreover, it has also checked by experiment that the 
configuration of the carbon nano fiber concerned changed also with the distance Lo from above- 
mentioned axis la of a substrate 16. And after supplying reactant gas in the vacuum tub 1 from the gas 
supply port 4 for doping mentioned above, when fiber generation was performed, it has also checked by 
experiment that properties, such as specific resistance of a carbon nano fiber, changed. Hereafter, the 
details of these experiments are explained as an example of the gestalt of this operation. 
[0043] 

[Example] The experiment for checking that a carbon nano fiber grows by the above-mentioned method 
as the [1 st experiment] 1 st experiment was conducted. 

[0044] The monograph affair in the experiment of**** 1 is as follows, namely, the distance between 
cathode 6 and an anode plate 10 — if it puts in another way — the length (plasma length) Lp of the 
plasma 5 ~ Lp** — it is set as 40 [mm], and — the plasma — five — a medial axis — it is also — the above 
— an axis — one — a -- from — a substrate — 16 — a fiber — generation — an object — a field — up to — 
distance — Lo — the above — the plasma — merit — Lp — 100 — % — corresponding — a size — namely, -- 
Lo — ** — 40 — [— mm — ] — setting up . And a silicon (Si) wafer is used as a substrate 16. In addition, 
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the substrate 16 should perform as pretreatment ethanol ultrasonic cleaning and 10% of hydrofluoric 
acid treatment which are generally known. And the iron phthalocyanine of about 5 [mg] thru/or 10 [mg] 
is supplied to the raw material hold section 12. 

[0045] Next, it exhausts with a vacuum pump to 3x10-4 in the vacuum tub 1 [Pa]. It can come, 
simultaneously alternating current power (here commercial alternating current power) is supplied from 
the power unit 8 for filament heating to cathode 6, and the cathode 6 concerned is made to heat, and the 
current which flows this condition to cathode 6 and the degree of vacuum in the vacuum tub 1 ~ being 
certain - it continues until it carries out degree stability (until rate of change falls within the range of 10 
[ **] [%]). In addition, the current which flows to cathode 6 at this time is like about 16 [A], and 
temperature up of the anode plate 10 is carried out to about 300 [**] with the radiant heat by the cathode 
6 concerned heating. This was beforehand checked by the built-in pyrometer and built-in thermocouple 
which are not illustrated. 

[0046] After the current which flows to the above-mentioned cathode 6, and the degree of vacuum in the 
vacuum tub 1 are stabilized, the argon gas for plasma generating is supplied in the vacuum tub 1, and the 
pressure in the vacuum tub 1 concerned is set to 5x10-1 [Pa]. And the power unit 9 for plasma discharge 
is turned on, and the direct current power of for example, a low ripple is supplied between cathode 6 and 
an anode plate 10. And the plasma 5 is generated among these both by setting the potential difference 
between each [ these ] electrode 6 and 10 to about 50 [V], and setting a current value to 0.3 [A] after the 
about 30 seconds. The so-called mirror magnetic field of about 80 [G] is formed near the front face of a 
substrate 16 by being able to come, simultaneously operating electromagnets 18 and 19 and generating a 
magnetic field in the respectively same direction. In addition, as for the temperature of an anode plate 
10, lifting was checked by measurement of a pyrometer, 400 [**], or 450 [**] by generating the above- 
mentioned plasma 5. And this condition is continued for about 120 minutes, after this time amount 
progress, equipment is suspended and the experiment of **** 1 is ended. 

[0047] The matter deposited on the substrate 16 by the experiment of**** 1 was observed with the 
electron microscope. The photograph is shown in drawing 2 . In addition, 1 1 points currently displayed 
on the lower right in this drawing direction lining up side-by-side are graduations, and the numeric value 
as which the unit [mum] of this graduation is attached and displayed caudad expresses the size (distance 
to the graduation which is specifically in many items from the graduation in the end of the above- 
mentioned list) of the graduation concerned. As shown in this drawing, it was checked that a certain 
fibrous matter has accumulated on a substrate 16. Since it specified what this fibrous matter is, X-ray- 
analysis equipment (XRD) analyzed the component of the matter concerned. The result is shown in 
drawing 3 . 

[0048] It turns out that the peak of graphite (graphite) exists in the field whose analysis angle "2 
Theta/omega" is about 25 degrees so that clearly from this drawing. From this, it has proved that the 
above-mentioned fibrous matter contained carbon, i.e., it is a carbon nano fiber. That is, it has checked 
that a carbon nano fiber was generable according to the gestalt of this operation using a plasma-CVD 
method. 

[0049] In addition, the field emission property (emission property) of the carbon nano fiber concerned 
was measured supposing the case where the carbon nano fiber shown in above-mentioned drawing 2 is 
applied to the source of electron emission for field emission mold indicating equipments mentioned 
above. The result is shown in drawing 4 . This drawing (a) is the so-called E-J property drawing which 
expresses the impression electric field E over the above-mentioned carbon nano fiber with a horizontal 
axis, and expresses the current density J with which the carbon nano fiber concerned is ******(ed) by 
the axis of ordinate. And drawing which changed this E-J property into 1/ M E"-"J/E2 M property using the 
formula of Fowler-Nordheim about the electron emission generally known is shown in this drawing (b). 
Generally, when 1/this "E"-"J/E2 ,f property is straight lines-like, it accepts as what field emission has 
generated.' That is, it is clear from this drawing (b) that 1/concerned "E"-"!^" property shows 
abbreviation linearity. From this, it is checked that the carbon nano fiber generated by the gestalt of this 
operation generates field emission, and application of the carbon nano fiber concerned as a source of 
electron emission for the above-mentioned field emission mold indicating equipments can fully expect. 
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In addition, in this field emission, the impression electric field E in case the above-mentioned current 
density J is J** 10-6 [A/cm2] are made into the lower limit of field emission capacity, and the so-called 
threshold, and are defined in many cases. If an example is taken in this, it can be said from drawing 4 (a) 
that the threshold of the carbon nano fiber generated by the gestalt of this operation is about 1.4 
[V/mum]. 

[0050] By the way, in above-mentioned drawing 2 , so to speak, the carbon nano fiber is growing long 
and slender like the prickle of****, and is carrying out the so-called sea urchin type of configuration. 
The linear dimensions of the diameter of these fibers are a number [mum] thru/or a dozens [mum] 
degree in a hundreds [nm] degree. However, in somewhere else on the same substrate 16, as shown in 
drawing 5 , it was checked that the carbon nano fiber is growing only in the shape of [ short ] an outline 
cylinder. Moreover, as shown in drawing 6 , the location where the linear dimension is growing like 
about 20 [mum] was also checked for the diameter by dozens [nm]. That is, even if it was on the same 
substrate 16, it was checked by the location that the growth forms of a carbon nano fiber differ. It is 
thought that the temperature of a substrate 16 etc. will not depend this on an uneven thing etc. by the 
location. 

[0051] As the [2nd experiment] 2nd experiment, what carried out ITO processing on the surface of the 
glass plate was carried out substrate 16, and the experiment in the case of generating a carbon nano fiber 
was conducted according to the same conditions as the 1st above-mentioned experiment on this 
16. 

[0052] The experimental result is shown in drawing 7 and drawing 8 . In addition, each [ these ] drawing 
is the photograph which expanded and observed somewhere else on the same substrate 16 with the 
electron microscope, respectively. As well as the 1 st above-mentioned experiment when the glass plate 
by which ITO processing was carried out is used as a substrate 16 so that clearly from each [ these ] 
drawing, the carbon nano fiber of a sea urchin mold or a short outline cylinder-like carbon nano fiber is 
generated by the location. However, about the carbon nano fiber of a sea urchin mold, diameters are 
dozens [nm] and the long and slender fiber was generated compared with the case of the experiment of a 
linear dimension of the aboveTst like about 20 [mum]. On the other hand, about the cylinder-like fiber, 
uniform generation distribution was acquired compared with the case of an experiment of the above 1st. 
In addition, exfoliation or deterioration of Above ITO were not able to be checked after this fiber 
generation. That is, according to the gestalt of this operation, since there was neither measurement by 
the pyrometer nor deterioration of ITO, it was checked at the temperature below about 450 [**] which is 
the heat-resistant limit (upper limit) of ITO that the fiber concerned is generable. 

[0053] As the [3rd experiment] 3rd experiment, the distance Lo from medial-axis la of the plasma 5 to 
the front face of a substrate 16 was changed, and the experiment for checking how growth of a carbon 
nano fiber is influenced with the distance Lo concerned was conducted. It is with the case (Lo**0.1Lp) 
where the above-mentioned distance Lo is set to about 10 [%] of the plasma length Lp, and the case 
(Lo**2Lp) where it is referred to as about 200 [%], and, specifically, fiber generation is performed. In 
addition, as a substrate 16, what carried out ITO processing on the surface of the glass plate is used. 
Conditions other than this are the same as that of the 1st experiment. 

[0054] The experimental result at the time of setting the above-mentioned distance Lo to about 10 [%] 
of the plasma length Lp at drawing 9 (Lo**0.1Lp) is shown, and the experimental result at the time of 
considering the above-mentioned distance Lo as the abbreviation 200 of the plasma length Lp [%] is 
shown in drawing 10 . A carbon nano fiber grows in the shape of [ short ] an outline cylinder, so that 
from each [ these ] drawing and the above-mentioned distance Lo is short (i.e., so that a substrate 16 is 
brought close to the center of the plasma 5). That is grown up fibrous turns out to be this with a long and 
slender carbon nano fiber reversely, so that the above-mentioned distance Lo is long (i.e., so that a 
substrate 16 is reversely kept away from the center of the plasma 5). That is, it was checked that the 
configuration of a fiber is controllable by this 3rd experiment by changing the distance Lo from the 
plasma 5 to the front face of a substrate 16. Moreover, even when the above-mentioned distance Lo was 
considered as the abbreviation 200 of the plasma length Lp [%] by the experiment of**** 3, it was also 
checked that a carbon nano fiber grows. 
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[0055] As the [4th experiment] 4th experiment, the substrate 16 was compulsorily cooled with the 
forced-cooling means mentioned above, and the experiment for checking how growth of a carbon nano 
fiber is influenced was conducted by [ this ] carrying out forced cooling. In addition, while using what 
carried out ITO processing on the surface of the glass plate as a substrate 16, the substrate 16 whole 
concerned is cooled below to at least 400 [**]. Conditions other than this are the same as that of the 1st 
experiment. 

[0056] The result of the experiment of **** 4 to drawing 1 1 is shown, long and slender on a substrate 
16, as shown in this drawing — so to speak, the grass-like carbon nano fiber was generated in general by 
homogeneity. A divisor 1 0 [nm] and the linear dimension of the diameter of this fiber are like about 20 
[mum]. That is, the effectiveness of the forced cooling concerned that a carbon nano fiber could be 
grown up by in general uniform distribution by carrying out forced cooling of the substrate 16 by the 
experiment of **** 4 was checked. Of course, according to a forced-cooling operation, since the thermal 
resistance of a substrate 16 improves, an ITO film exfoliates or it does not denaturalize. 
[0057] The experiment for checking how growth of a carbon nano fiber is influenced was conducted by 
impressing bias power between an anode plate 10 and a substrate 16 from the power unit 14 for bias 
mentioned above as the [5th experiment] 5th experiment, and impressing this bias power. In addition, as 
a substrate 16, what carried out ITO processing on the surface of the glass plate is used. Moreover, the 
unsymmetrical pulse power which has a direct-current-voltage drop value between cathode 6 and an 
anode plate 10 and the actual value of an abbreviation EQC (namely, about 100 of the direct-current- 
voltage drop value concerned [%]) is used as bias power, however, the direction of the potential of a 
substrate 16 - the potential of an anode plate 10 - effectual - about 20 [%] — the above-mentioned 
unsymmetrical pulse power which serves as low potential is impressed. Conditions other than this are 
the same as that of the 1st experiment. 

[0058] The result of the experiment of **** 5 to drawing 12 is shown. As shown in this drawing, on a 
substrate 16, a carbon nano fiber which also resembled the petal so to speak is generated. That is, it was 
checked that the configuration of a carbon nano fiber is changeable by hanging bias power to a substrate 
16 with the experiment of**** 5. 

[0059] The magnetic field imposed in the vacuum tub 1 (inside of the ambient atmosphere of the plasma 
5) with the electromagnets 18 and 19 mentioned above as the [6th experiment] 6th experiment was 
changed, and the experiment for checking how growth of a carbon nano fiber is influenced by change of 
this magnetic field was conducted. By specifically forming a magnetic field in the direction which 
opposes mutually with each electromagnets 18 and 19, and meets, it is with the case where the so-called 
cusp field of about 10 [G] is formed near the front face of a substrate 16, and the case where the so- 
called mirror magnetic field of about 80 [G] is formed near the front face of a substrate 16 by forming 
the magnetic field of this direction with each electromagnets 18 and 19, respectively, and fiber 
generation is performed. In addition, as a substrate 16, what carried out ITO processing on the surface of 
the glass plate is used. Conditions other than this are the same as that of the 1st experiment. 
[0060] The experimental result at the time of forming the cusp field of about 10 [G] near the front face 
of a substrate 16 at drawing 1 3 is shown, and the experimental result at the time of forming the mirror 
magnetic field of about 80 [G] near the front face of a substrate 16 is shown in drawing 14 . The carbon 
nano fiber which aligned regularly in comparison is generable by forming a powerful mirror magnetic 
field near the front face of a substrate 16 so that clearly from each [ these ] drawing. If premised on the 
use as a source of electron emission for field emission mold displays which followed, for example, was 
mentioned above, it can be surmised that it is very effective to form this powerful mirror magnetic field, 
in addition, also when [ which was called about 300 [G] near the front face of a substrate 16 ] it was 
comparatively alike and a powerful mirror magnetic field was formed, the same experimental result as 
the case of above-mentioned drawing 14 in which the mirror magnetic field of about 80 [G] was formed 
near the front face of the substrate 1 6 concerned was obtained. 

[0061] The experiment for checking how growth of a carbon nano fiber is influenced was conducted by 
supplying reactant gas in the vacuum tub 1 from the gas supply port 4 for doping mentioned above as 
the [7th experiment] 7th experiment, and supplying this reactant gas. concrete ~ as reactant gas — 
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nitrogen gas (N2) — using — this — the argon gas for plasma generating, and abbreviation — it supplies in 
the vacuum tub 1 by the same flow rate (namely, flow rate equivalent to about 100 [%] of the flow rate 
of argon gas). In addition, although the pressure in the vacuum tub 1 rises by supplying this nitrogen 
gas, pressure-regulator styles, such as a conductance valve mentioned above, adjust a part for this lifting 
(it is made to decompress). Also in this 7th experiment, what carried out ITO processing on the surface 
of the glass plate is used as a substrate 16. Conditions other than this are the same as that of the 1st 
experiment. 

[0062] The experimental result of**** 7 is shown in drawing 15 and drawing 16 . In addition, drawing 
16 is the enlarged view of drawing 15 . By doping the above-mentioned nitrogen gas (addition) shows 
that a fiber far thinner than the carbon nano fiber shown in each drawing mentioned above is generated 
so that clearly from each [ these ] drawing. Moreover, configurations also completely differ. That is, it 
was checked by doping nitrogen gas that the carbon nano fiber with which a configuration differs from a 
size is generable. 

[0063] Moreover, the component of the carbon nano fiber generated by the experiment of**** 7 was 
analyzed by X-ray photoelectron spectroscopy (XPS). The result is shown in drawing 17 . As shown in 
this drawing, existence of the nitrogen doped in the above-mentioned carbon nano fiber has been 
checked. That is, the carbon nano fiber with which properties differ is generable by doping the nitrogen 
concerned. An atomic ratio (Atomic Percent) with the case where it does not consider as the case where 
nitrogen is doped is shown in a table 1 . 



[0064] 
f A table 11 




C Is 


N 1s 


Ar 2p 


Ar 2s 


At 


91.55 


3.83 


0.00 


4.62 


At + N 2 


25.00 


68.00 


0.00 


5.52 



[0065] An atomic ratio (setting at for example, Cls and Nls) changes greatly with electronic structures 
by the case where it does not consider as the case where nitrogen is doped so that clearly from this table 
1. Moreover, it was able to carry out adjustable [ of the specific resistance value ] in 1x10-4 [omega-cm] 
(specific resistance value of outline graphite) to 1x10-8 [omega-cm]. 

[0066] thus, it has checked that according to the gestalt of this operation a carbon nano fiber could be 
grown up at low temperature compared with the thing of the conventional technology mentioned above, 
and the configuration of this carbon nano fiber, magnitude, raw component cloth, a property, etc. could 
be controlled by each above-mentioned experiment. 

[0067] In the gestalt of this operation, although the carbon nano fiber was generated using the equipment 
by the configuration of drawing 1 , it does not restrict to this. That is, drawing 1 is an example for 
realizing this invention until it gets tired, and as long as it does so the same operation and same effect as 
the gestalt of this operation, it may realize this invention with the equipment of the configuration of 
those other than the drawing 1 concerned. 

[0068] In addition, as gas for plasma generating, although argon gas was used, gas other than this may 
be used here. Moreover, although the radiant heat of cathode 6 was made to sublimate the iron 
phthalocyanine 13, for example, heating means, such as heat energy exposure means, such as an YAG 
laser, and various heaters, may be made to sublimate the iron phthalocyanine 13 concerned. 
[0069] And although the power unit 14 for bias constituted so that the seal of approval of the bias power 
might be carried out between an anode plate 10 and a substrate 16, it does not restrict to this. For 
example, the seal of approval of the bias power may be carried out between cathode 6 and a substrate 
16. Moreover, about a substrate 16, according to a case, this is connected to touch-down potential, or it 
floats electrically, and is good also as the so-called floating. Furthermore, the substrate supporter 15 
holding a substrate 16 may be constituted in an anode plate 10 and one. And rotating the substrate 16 
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concerned, (the so-called rotation) the substrate supporter 15 may consist of conditions of having made 
the front face of a substrate 16 countering axis la so that fiber generation may be performed. 
[0070] Furthermore, either may be eliminated, although a magnetic field is formed in the vacuum tub 1 
and two magnets 1 8 and 19 were used with the gestalt of this operation. Moreover, these magnets 1 8 and 
19 may be formed in the location from which it separated from medial-axis la of the plasma 5. And 
although these magnets 18 and 19 were considered as the electromagnet configuration, it is the thing of 
other modes, such as a permanent magnet, for example, and you may constitute. 
[0071] 

[Effect of the Invention] As mentioned above, according to this invention, since a carbon nano fiber is 
generated using a plasma-CVD method, the temperature rise of the object-ed set as the generation object 
of the fiber concerned can be controlled. There is an outstanding effect that a carbon nano fiber is 
generable without causing deformation and denaturation of the object-ed concerned, even when it 
follows, for example, an object-ed uses heat-resistant low materials, such as ITO. Moreover, in the 
generation process of a carbon nano fiber, the very effective effect that the configuration of a carbon 
nano fiber, magnitude, distribution, or a property is controllable to arbitration is also done so by hanging 
bias, forming a magnetic field in a vacuum tub, or changing these conditions to an object-ed with time 
further. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram showing the gestalt of 1 operation of the equipment 
concerning this invention. 

[Drawing 2] It is the photograph which expanded and observed the carbon nano fiber generated by the 
1st experiment as an example of the gestalt of this operation with the electron microscope. 
[Drawing 3] It is drawing showing the result of having analyzed the component of the carbon nano fiber 
generated by this 1st experiment with X-ray- analysis equipment. 

[Drawing 4] It is the graph which shows the field emission property of the carbon nano fiber generated 
by this 1st experiment. 

[Drawing 51 It is the photograph which expanded and observed the portion different from drawing 2 
with the electron microscope. 

[Drawing 6] It is the photograph which expanded and observed the portion different from drawing 2 and 
drawing 5 with the electron microscope. 

[Drawing 7] It is the photograph which expanded and observed the carbon nano fiber generated by the 
2nd experiment as an example of the gestalt of this operation with the electron microscope. 
[Drawing 8] It is the photograph which expanded and observed the portion different from drawing 7 
with the electron microscope. 

[Drawing 9] It is the photograph which expanded and observed the carbon nano fiber generated by the 
3rd experiment as an example of the gestalt of this operation with the electron microscope. 
[Drawing 10] It is the photograph which expanded and observed the carbon nano fiber generated on 
conditions different from drawing 9 with the electron microscope. 

[Drawing 111 It is the photograph which expanded and observed the carbon nano fiber generated by the 
4th experiment as an example of the gestalt of this operation with the electron microscope. 
[Drawing 12] It is the photograph which expanded and observed the carbon nano fiber generated by the 
5th experiment as an example of the gestalt of this operation with the electron microscope. 
[Drawing 13] It is the photograph which expanded and observed the carbon nano fiber generated by the 
6th experiment as an example of the gestalt of this operation with the electron microscope. 
[Drawing 14] It is the photograph which expanded and observed the carbon nano fiber generated on 
conditions different from drawing 13 with the electron microscope. 

[Drawing 151 It is the photograph which expanded and observed the carbon nano fiber generated by the 

7th experiment as an example of the gestalt of this operation with the electron microscope. 

[Drawing 16] It is the photograph observed for the larger scale factor than drawing 15 . 

[Drawing 17] It is drawing showing the result of having analyzed the component of the carbon nano 

fiber generated by this 7th experiment by X-ray photoelectron spectroscopy. 

[Description of Notations] 

1 Vacuum Tub 

2 Exhaust Port 

3 Gas Supply Port for Plasma 
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4 Gas Supply Port for Doping 

5 Plasma 

6 Cathode 

9 Power Unit for Plasma Discharge 

10 Anode Plate 

13 Sublimability Matter 

14 Power Unit for Bias 

15 Substrate Supporter 

16 Substrate 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] Generation equipment of a carbon nano fiber characterized by providing the following A 
vacuum tub by which the interior is exhausted with an exhaust air means A plasma generating means to 
generate plasma in the above-mentioned vacuum tub A support means which supports this object-ed in 
the condition of arranging an object-ed set as the generation object of a carbon nano fiber in a 
predetermined location in the above-mentioned vacuum tub A feeding means to supply a source material 
used as a raw material of the above-mentioned carbon nano fiber in the state of a gas in the above- 
mentioned vacuum tub 

[Claim 2] It is generation equipment of a carbon nano fiber [ equipped with a heating means to which 
the above-mentioned source material is sublimability matter, the above-mentioned feeding means heats 
a maintenance means to hold the above-mentioned sublimability matter in the above-mentioned vacuum 
tub, and this sublimability matter, and this sublimability matter is made to sublimate ] according to 
claim 1. 

[Claim 3] Generation equipment of a carbon nano fiber according to claim 1 characterized by providing 
the following The above-mentioned plasma generating means is the 1st electrode which is prepared in 
the above-mentioned vacuum tub and emits a thermoelectron. A 1st electric power supply means make 
the 2nd electrode of the above absorb the 2nd electrode prepared in the condition of separating the 1st 
electrode of the above, and a gap and countering in the above-mentioned vacuum tub, and a 
thermoelectron emitted from the 1st electrode of the above by supplying the 1st power to each above 1st 
and 2nd inter-electrode one, and a 1st gas-supply means supply the 1st gas for plasma generating in the 
above-mentioned vacuum tub 

[Claim 4] The above-mentioned 1st electric power supply means is generation equipment of a carbon 
nano fiber according to claim 3 constituted by the condition that it could carry out adjustable [ of the 
mode of the 1st power of the above ] to arbitration. 

[Claim 5] The above-mentioned 1st gas supply means is generation equipment of a carbon nano fiber 
according to claim 3 constituted by the condition that it could carry out adjustable [ of the amount of 
supply of the 1st gas of the above ] to arbitration. 

[Claim 6] The above-mentioned plasma generating means makes the perimeter of this axis generate the 
above-mentioned plasma focusing on a certain axis. The above-mentioned support means the above- 
mentioned axis and abbreviation — in the condition of having located a surface portion set as the 
generation object of the above-mentioned carbon nano fiber in the above-mentioned object-ed in a 
location which separated a predetermined gap from this axis toward a right-angled direction, and having 
made the above-mentioned axis carrying out abbreviation opposite of this surface portion Generation 
equipment of a carbon nano fiber according to claim 1 constituted so that this processed material might 
be supported. 

[Claim 7] The above-mentioned support means is generation equipment of a carbon nano fiber 
according to claim 6 constituted by the condition that it could carry out adjustable [ of the distance from 
the above-mentioned axis to the above-mentioned surface portion of the above-mentioned object-ed ] to 
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arbitration. 

[Claim 8] Generation equipment of a carbon nano fiber according to claim 6 set up within the limits of 
distance in which distance from the above-mentioned axis to the above-mentioned surface portion of the 
above-mentioned object-ed makes considerable 10% of a linear dimension of the above-mentioned 
plasma in a direction which meets the above-mentioned axis, and 200%, respectively. 
[Claim 9] Generation equipment of a carbon nano fiber according to claim 1 which established a forced- 
cooling means to cool the above-mentioned object-ed compulsorily. 

[Claim 10] Generation equipment of a carbon nano fiber according to claim 1 which established a 2nd 
electric power supply means to supply the 2nd power between the above-mentioned object-ed and a 
predetermined reference potential. 

[Claim 1 1 ] The above-mentioned 2nd electric power supply means is generation equipment of a carbon 
nano fiber according to claim 10 constituted by the condition that it could carry out adjustable [ of the 
mode of the 2nd power of the above ] to arbitration. 

[Claim 12] Generation equipment of a carbon nano fiber according to claim 1 which established 
magnetic field means forming which forms a magnetic field in the above-mentioned vacuum tub. 
[Claim 13] The above-mentioned magnetic field means forming is generation equipment of a carbon 
nano fiber according to claim 12 constituted by the condition that it could carry out adjustable [ of the 
mode of the above-mentioned magnetic field ] to arbitration. 

[Claim 14] Generation equipment of a carbon nano fiber according to claim 1 which established a 2nd 
gas supply means to supply the 2nd gas for doping in the above-mentioned vacuum tub. 
[Claim 15] The above-mentioned 2nd gas supply means is generation equipment of a carbon nano fiber 
according to claim 14 constituted by the condition that it could carry out adjustable [ of the amount of 
supply of the 2nd gas of the above ] to arbitration. 

[Claim 16] The generation method of the carbon nano fiber possessing the exhaust-air process which 
exhausts the inside of a predetermined vacuum tub, the arrangement process which arrange the object-ed 
set as the generation object of a carbon nano fiber in the predetermined location in the above-mentioned 
vacuum tub, the plasma generating process generate the plasma in the above-mentioned vacuum tub, and 
the feeding process which supply the source material used as the raw material of the above-mentioned 
carbon nano fiber in the state of a gas in the above-mentioned vacuum tub. 

[Claim 17] The above-mentioned source material is the generation method of the carbon nano fiber 
according to claim 16 which is the sublimability matter and performs a maintenance process in_which 
the above-mentioned sublimability matter is made to supply and hold for a maintenance means 
beforehand established in the above-mentioned vacuum tub, and a heating process to which heat the 
above-mentioned sublimability matter currently held at the above-mentioned maintenance means with a 
heating means, and it is made to sublimate in the above-mentioned feeding process. 
[Claim 18] Between the 1st electrode which is prepared in the above-mentioned vacuum tub and emits a 
thermoelectron in the above-mentioned plasma generating process, the 2nd electrode prepared in the 
condition of separating this 1st electrode and a gap and countering in the above-mentioned vacuum tub, 
and ** The 1st electric power supply process in which the 2nd electrode is made to absorb a 
thermoelectron emitted from the 1st electrode by supplying the 1st power, A generation method of a 
carbon nano fiber according to claim 16 which performs the 1st gas supply process which supplies the 
1st gas for plasma generating in the above-mentioned vacuum tub. 

[Claim 19] A generation method of a carbon nano fiber according to claim 18 to which a mode of the 1st 
power of the above is changed with time. 

[Claim 20] A generation method of a carbon nano fiber according to claim 18 to which the amount of 
supply of the 1st gas of the above is changed with time. 

[Claim 21] In the above-mentioned plasma generating process, make the perimeter of this axis generate 
the above-mentioned plasma focusing on a certain axis, and it sets in the above-mentioned arrangement 
process, the above-mentioned axis and abbreviation — in a location which separated a predetermined gap 
from this axis toward a right-angled direction A generation method of a carbon nano fiber according to 
claim 16 which arranges this processed material in the condition of locating a surface portion set as the 
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generation object of the above-mentioned carbon nano fiber in the above-mentioned object-ed, and 
making the above-mentioned axis carrying out abbreviation opposite of this surface portion. 
[Claim 22] A generation method of a carbon nano fiber according to claim 16 which established a 
forced-cooling process which cools the above-mentioned object-ed compulsorily. 

[Claim 23] A generation method of a carbon nano fiber according to claim 16 which established the 2nd 
electric power supply process which supplies the 2nd power between the above-mentioned object-ed and 
a predetermined reference potential. 

[Claim 24] A generation method of a carbon nano fiber according to claim 23 to which a mode of the 
2nd power of the above is changed with time. 

[Claim 25] A generation method of a carbon nano fiber according to claim 16 which prepared like a 
magnetic field formation fault which forms a magnetic field in the above-mentioned vacuum tub. 
[Claim 26] A generation method of a carbon nano fiber according to claim 25 to which a mode of the 
above-mentioned magnetic field is changed with time. 

[Claim 27] A generation method of a carbon nano fiber according to claim 16 which established the 2nd 
gas supply process which supplies the 2nd gas for doping in the above-mentioned vacuum tub. 
[Claim 28] A generation method of a carbon nano fiber according to claim 27 to which the amount of 
supply of the 2nd gas of the above is changed with time. 



[Translation done.] 
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DRAWINGS 
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[Drawing 1] 
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